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Abstract 
The present article analyses and defines the concepts of synchronicity and simultaneity of the physical movements as 
well as silent (internal) counting in synchronized swimming. There are presented professionally specific techniques 
for diagnosing silent counting accompanied by a musical composition. In the Russian youth team of synchronized 
swimmers there were defined and studied temporal characteristics of counting, such as a group asynchrony start and 
cessation counting at different stages of the performance, individual sustainability of the temporal structure and the 
pace of silent counting at the second testing, etc. 
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1. Problem statement and motivation 
Challenging the achieved results in some sports today requires great, if not superhuman, efforts. 
Despite the use of physical resources it is already close to genetically conditioned restrictions. For these 
reasons, the use of psychological resources in high achievements sports is considered to have prospects, 
with a special emphasis on the development of young athlete’s cognitive abilities. 
In our research synchronized swimmers (Russian junior team) have been selected as a sample 
according to their sport activity and time perception, time judgement, time experience, etc. (Adam, 
Castro, Clark,1974; Brown, 1995; Hancock, Vercruyssen, Rodenburg, 1992; Hancock,1993; Zakay,1998; 
Burle, Bonnet, 2000; Grondin,2001; Droit-Volet S., Tourret S., Wearden, 2004; Wearden, Norton, 
Martin, Montford-Bebb, 2007). 
Performance in synchronized swimming is accompanied by a musical composition, various parts of 
which are played using different tempo. Athletes count silently triplets (1, 2, 3, 1, 2, 3…) or eights (1, 2, 
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3,  4,  5,  6,  7,  8…)  etc.  in  accordance  with  the  music  tempo  and  the  current  motor  task.  Certain  
characteristics of physical movements that athletes must perform synchronously are associated with the 
music and units of counting. During pauses between the periods of counting the team shall readjust 
themselves to a new tempo and get prepared for the next series of movements. 
It is impossible to achieve absolutely full coincidence of all characteristics of any motion performed by 
different athletes, i.e. absolute movements synchronicity is impossible. It is therefore necessary to identify 
and assess the degree (relative number) of synchronicity or asynchrony of different characteristics of 
individual movements in a group of synchronous swimmers. During practice the synchronicity 
assessment is provided by athletes themselves based upon their own perception and inner sense of time 
and also their coaches who assess the synchronicity degree of athlete’s movements based upon their own 
understanding.  
In this connection there arises a problem how to develop new objective research methods, as well as 
new quantitative characteristics of asynchronicity of the movements and the silent counting of 
synchronous swimming, which could be used during practice and when developing specialized training 
apparatus. In this work this problem is solved by introducing such characteristics of counting as the 
degree of the group asynchronicity at different stages of the performance, individual stability of temporal 
structure and the pace of internal count at the second testing, etc.  
During analysis of literature we faced the necessity of definition of temporal characteristics of silent 
counting in synchronized swimming; diagnostics of the silent counting; definition of the rate of stability 
of silent counting. Therefore the main hypothesis of our study was to elaborate the professionally specific 
method of diagnostics of time perception in synchronized swimming that would allow us to compare the 
rate of synchrony of silent counting of athletes by means of objective method. 
2. Methods 
2.1. Participants 
The participants were 10 synchronous swimmers of Russian youth national team when they were 
training for international competitions. 
2.2. Measures
To study the characteristics of silent counting associated with simple rhythmic movements the athletes 
were  offered  to  listen  to  a  sample  tune  and  to  press  a  key  in  those  moments  when  they  were  silently  
counting the melody rhythm. The instruction was the following: "the keyboard click should be 
simultaneous with uttering units of count and should follow the tempo of silent counting." 
The test melody included a music sample which was to accompany the athletes’ performance at the 
competition. The duration of the music sample was 1.3 minutes, whereas the duration of the complete 
piece of music is 5 minutes. The music sample was going through headphones using a computer program 
which could allow to record the moments of pressing the key and mark them as dot points on a horizontal 
line which was a graphic presentation of the music sample timebase. Key stroke is deemed as the final 
moment of touching the key with a finger when the computer registered contact closure keyboard.  
The music sample is turned on the time t0. The first pause in counting and pressing the key lasts from 
t0 to  t1 moments of time. Then, from t1 to  t2 athletes count with a frequency of about 1 unit/s and are 
trying to press the key using the same tempo. The second pause lasts from the time t2 to t3 moments of 
time. After that from t3 to t4 the  athlete  is  counting  silently  again  and presses  the  key,  the  frequency of  
which is approximately two times higher than in the first period. 
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To assess the stability of the temporal structure of individual silent counting the music sample was 
presented twice for each athlete. In the second test session the instruction was "to count silently and press 
the  key at  the  same rate  as  they  did  in  the  first  test  session."  The  timing of  the  entire  test  was  about  3  
minutes. 
3. Results 
Average indices over the two sessions of the individual moments of the first and final keystrokes in 
different periods of counting are presented in Table 1. We assumed that trained athletes would succeed in 
performing synchronously. They were supposed to press the key (and contact closure keyboard)  
simultaneously with the same permanency of time in silent counting. This assumption requires empirical 
verification. In this work it serves as a basis for identifying temporal characteristics of silent counting and 
characteristics of the recorded moments of key strokes. 
Table 1. Average individual moments of the first and last key stroke in different periods of silent counting 
Beginning and Cessation Moments of silent counting (s) 
Participants t1 t2 t3 t4
AV 8,098 33,205 36,395 76,390 
VD 7,695 33,167 36,693 76,380 
VK. 9,884 24,247 36,886 76,339 
MD 7,589 33,277 36,429 76,681 
OA 11,772 27,489 36,493 76,534 
PS 7,538 33,176 34,916 76,606 
PE 9,730 22,969 36,692 76,585 
SA 7,475 33,251 34,737 76,590 
SM 9,806 33,090 34,785 76,382 
ShV 7,655 33,306 36,457 76,512 
Variation Coefficient (V_tj) 16,9% 13,5% 2,4% 0,2% 
Range of deviation (R_tj) 4,297 10,337 2,149 0,342 
The measure of relative group asynchrony of time intervals t1, t2, t3 and t4 is the variation coefficient of 
these moments, which was calculated using the following formula: V_tj = (ı/tave)·100%, where tave is the 
average group value of tj (j = 1, 2, 3, 4) and ı is their standard deviation (square root of dispersion).  
The larger the variation coefficient of time tj, the higher their relative group asynchrony. Coefficient 
values V_tj are in the second bottom row of Table 1, which shows that the relative group asynchrony at 
the beginning and cessation periods of counting is sharply reduced from the first period of counting (V_t1
= 16,9%, V_t2 = 13,5%,) to the second one (V_t3 = 2,4%, V_t4 = 0.2%), and the cessation of both periods 
is more synchronous than the beginning. 
The measure of the absolute group asynchrony of individual times t1,  t2,  t3 and  t4 is the range of 
deviation of these intervals: R_tj =  tjmax –  tjmin, representing the difference between the maximum and 
minimum values of moments in aggregate of tj (j = 1, 2, 3, 4). Values  R_tj are at the bottom line of Table 
1,  which  shows  that  the  indicator  of  silent  counting  is  the  most  simultaneous  at  the  end  of  the  second  
period. 
Thus, at the cessation of the second period silent counting in certain athletes’ both indices are 
significantly synchronized. However, with the relative low value of the group asynchrony count at the end 
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of the second period (V_t4 = 0,2%) the absolute group asynchrony of the same moments is equal R_t4 = 
0,342 s and is comparable to the interval (0.5 s) between adjacent units of count in the certain period of 
the music sample. The larger value of absolute group asynchrony in the cessation of count in the second 
period can result in a noticeable asynchrony of ascribed movements at the76th-77th seconds of the 
performance, provided that at these moments the athletes move very quickly and the speed of their 
movements exceeds 1.5-2 m/s. 
On the basis of the individual durations between the keystrokes there were calculated and analyzed 
two group asynchrony indices of counting - relative and absolute group difference of times between the 
two units of counting, or successive keystrokes. The former was determined by the value of the variation 
coefficient of individual durations between the keystrokes, and the second was determined by the range of 
deviation of these durations. These indicators characterize the degree of proximity of silent counting 
individual rates.  
4. Conclusions and Recommendations 
We have analyzed the temporal characteristics of silent counting, which are supposed to be extremely 
essential for the trained athletes while listening to the tunes to rhythmically press the key. This 
assumption allows to identify and to study various individual and group temporal characteristics of silent 
counting in accordance with the results of measuring the movements of keystrokes. 
The individual temporal characteristics of silent counting are specific in each athlete and do not 
embrace similar features of other athletes. Individual characteristics of silent counting include the 
following ones: 
Average time of beginning (t1 and t3) and time of cessation (t2 and t4) over two test sessions for each 
athlete in the first and second testing periods; 
Count rate, which is manifested by the frequency of keystrokes, as well as is computed by the 
frequency of strokes of the average duration between two consecutive units of account; 
Stability or reproducibility of individual silent counting temporal structure in repeated session tests. If 
hearing  melody for  the  first  time the  athlete  starts  and finishes  periods  of  counting  at  t11,  t21,  t31 and t41
time intervals (the superscript indicates the session number, and the subscript indicates the number of 
moments of beginning and cessation of counting), and in the second session, these time intervals have 
changed a lot, i.e. t11 t12, t21 t22, etc., then the time structure of counting (or the ratio of tj intervals) is 
not stable. 
The stability indicator of the individual silent counting structure was averaged over tj variation 
coefficient of athlete’s keystrokes in the first and second session test. According to this indicator there is a 
significant individual difference between athletes, i.e. it allows to distinguish athletes with stable and 
unstable silent counting. 
It can be assumed that athletes with unstable structure of silent counting produce such movements 
associated with the counting that are difficult to predict by the other team members, which makes group 
synchronization difficult. 
The group temporal characteristics of silent counting include individual characteristics which reflect 
overall group. Group characteristics are as follows: 
1) Relative asynchrony of the average individual moments of the beginning (t1 and t3) and cessation (t2
and t4) periods of silent counting. The quantitative measure of the relative asynchrony silent counting is 
the variation coefficient which is expressed by the ratio of standard deviation (ı) of individual tj (j = 1, 2, 
3, 4) to their average group values in percentage; 
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2) Absolute asynchrony of the average individual moments of the beginning and cessation of silent 
counting periods. A measure of the absolute asynchrony tj was the range of deviation of these moments, 
which is the difference between the maximum and minimum values of these tj.
The test results have shown that the cessation of the second period silent counting have a lower value 
of the relative group asynchrony (V_t4 = 0,2%), i.e. these counting moments are densely clustered around 
their mean group values. This suggests that one of the team’s athletes finishes the second period of 
counting and the movement associated with it 0.342 seconds earlier than the other one, which is 
comparable with the interval (0.5 s) between adjacent counting units of this period of the music sample. 
3) On the basis of average individual durations between the keystrokes there were defined two more 
group characteristics of silent counting that measure the synchronization of silent count individual pace in 
the team. One of these characteristics is expressed by the value of the variation coefficient of the 
individual durations between the beats, while the other one is expressed by the range of deviation of the 
durations, which is equal to the difference between the maximum and minimum durations in the group. 
Thus, the silent counting to music in synchronized swimmers serves as a temporary regulation of the 
motor activity and is a psychological means of synchronization of movements which are associated with 
sports. There is a number of individual and group temporal characteristics, some of them may be reported 
as athletes’ psychological feedback when using a dedicated simulator for this test. 
The proposed method for diagnose of time perception in synchronized swimming allows to define the 
rate  of  silent  counting  or  sense  of  athletes’  rhythm  by  objective  parameters.  Also  it  can  be  used  as  a  
mechanism of feedback in the elaboration of a professional simulator for the development of the temporal 
perception of athletes. 
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